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E-mail address: toby.gibson@embl.deIt should not be surprising that a protein with a name like RACK1 – short for receptor for activated C
kinase 1 – is found in a variety of signaling complexes. Its alternative name, the splendidly unmem-
orable GNB2L1 – short for guanine nucleotide-binding protein subunit beta-2-like 1 – should rein-
force this link to signaling complexes. There are currently over 400 publications listed in PubMed
mentioning RACK1/GNB2L1 in the abstract, so it is certainly an actively studied protein with much
involvement in different aspects of cell regulation being reported. RACK1 binds to the 40S ribosomal
subunit, suggesting it links cell regulation and translation. It is also a target of intracellular
parasites. And yet does this protein have the proﬁle that it should? And why are there two kinds
of RACK1 researcher who do not seem to communicate well?
 2012 Federation of European Biochemical Societies. Published by Elsevier B.V.1. Introduction
One indication of the importance of RACK1 in cell regulation is
that it is directly targeted by both viral and intracellular bacterial
parasites in their efforts to subvert cells [1–3]. RACK1 is one of
those ubiquitous WD40 beta-propeller proteins that are found
throughout the macromolecular complexes of the cell [4]. Wher-
ever two or three proteins are gathered together, it seems that
one of them will be a WD40. This family of proteins provides many
of nature’s greatest molecular interactors [5]. Thus again it should
not be surprising that RACK1 is found in complexes with so many
other proteins. Sometimes there is evidence for a direct binary
interaction with RACK1 while, in other cases, pulldown or proteo-
mic data may just indicate that RACK1 is in the same complex and
it is not known if interactions are direct. In molecular terms, there-
fore, the many apparent functions of RACK1 are quite poorly
understood. Given this caveat, Fig. 1 shows the interaction network
of RACK1 as assembled by the STRING protein interaction database
[6]. Besides the canonical protein kinase Cs, many interesting sig-
naling molecules are present in the interaction network including
Src, Hif-1alpha, INSR and other membrane receptors, and sundry
JAKs and STATs. There are also a few ribosomal small subunit pro-
teins in the network forming their own subnet (highlighted in
Fig. 1).
What is the role of RACK1 in complexes containing all these
interesting proteins? Well, RACK1 is not an enzyme so it cannotal Societies. Published by Elseviertransmit signals by performing post-translational modiﬁcation. In-
stead it is considered to have a role in complex assembly; docking,
scaffolding, stabilizing, inhibiting or otherwise connecting ele-
ments of the complexes together [4]. RACK1 scaffolding is increas-
ingly important at focal adhesions where it has been shown to link
the focal adhesion kinase FAK and PDE4D5 in a complex that con-
trols spreading and polarity in a cancer cell context [7]. RACK1 is
also involved in integrin signaling at adhesions, e.g. in a recently
shown complex with kindlin-3 [8].
No one has solved a crystal structure of RACK1 in complex with
a G-protein, a PKC or any other interesting signaling protein so
there is no atomic level detail for any of these interactions. There
is, however, one cellular complex where RACK1 is present that
has been solved at atomic resolution: the eukaryotic ribosome
[9]. RACK1 seems to be present in stoichiometric quantities on
the small subunit of every eukaryotic ribosome that has been crys-
tallized (Fig. 2). Yet it is not a core component of ribosomes: in
yeast stationary phase cells (which are not translating) a signiﬁ-
cant fraction of RACK1 is free in the cytosol, unbound to the small
subunit [10]. So these data collectively suggest that RACK1 is a
stoichiometric component of translationally competent ribosomes.
It is present on the small subunit which initiates translation
through mRNA binding and ribosome assembly. What then is
RACK1 doing in the membrane-bound signaling complexes con-
taining G-proteins, activated PKCs and so forth?
How can we unify the signaling and the ribosomal facets of
RACK1 research? It is well known that PKCs can phosphorylate
eIF6, enabling assembly of the full 80S translationally competentB.V. Open access under CC BY-NC-ND license. 
Fig. 1. RACK1-interacting proteins as collated in the STRING resource [6] with a conﬁdence score above 0.5. RACK1 has the gene name GNB2L1 and is at the centre of the
network. Thicker lines indicate higher conﬁdence scores. The green oval deﬁnes a subnet of ribosomal small subunit proteins. STRING settings are: Conﬁdence view;
experimental evidence only; conﬁdence score 0.5.
2788 T.J. Gibson / FEBS Letters 586 (2012) 2787–2789ribosome [11], an interaction which is included in the RACK1
interaction network in Fig. 1. The obvious prediction to make is
that a primary function of RACK1 is to be the nexus that docks
the ribosomal small subunit into signaling complexes that are
mostly (or exclusively) at cellular membranes. This prediction
has been made and it is not even new, being explicitly stated in
a 2004 review [12] and occasionally revisited e.g. Refs. [9,13].
But did you know about it and have you thought about the impli-
cations for the cell? Have you also been ignoring the burgeoning
literature on localized mRNA transport and spatial regulation of
translation [14,15]? What we now need is evidence that a funda-
mental activity of cell signaling complexes is direct in situ mod-
ulation of translation of speciﬁc mRNAs for all sorts of
interesting proteins, i.e. a generalization from the few known
examples such as the Src regulation of beta-actin mRNA transla-
tion at the ﬁbroblast leading edge [16]. It is surely no coincidencethat beta3 integrin-containing adhesion foci are chock full of ribo-
somal 40S subunits [17]. Since most cell signaling research is
based on an unholy trinity of massive transient overexpression/
mutagenesis/western blot experiments that are unsuited for
addressing such a concept, perhaps it is not surprising that
researchers by and large have not thought about the problem of
spatial regulation of translation by signaling complexes. It seems
unavoidable that some of that good old-fashioned biochemistry
will have to be thrown into the mix.
There are exciting opportunities for interdisciplinary research
bringing together structure–function studies of ribosomes, spatial
targeting of mRNAs and classical signaling research to get at the
higher level dynamic regulation of translation and how it is di-
rectly controlled by cell state. RACK1might be the fulcrum. Anyone
interested? Surely it is time for these ships to stop passing in the
night?
Fig. 2. RACK1 (blue cartoon) bound to the 40S ribosomal subunit from the ciliate Tetrahymena thermophila [9]. Inset shows the full 40S complex from the same perspective:
‘‘head’’ at top, ‘‘beak’’ to left. RACK1 is highly accessible making it available for additional regulatory interactions. Figure prepared with PyMol using the pdb entry 2XZM.
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